












































































PDQXIDFWXULQJ VHFWRUV 7KLV FRXQWU\ZLVH DQDO\VLV LV WKHQ XVHG WR FRPSDUH ZLWK FXUUHQW $XVWUDOLDQ VFHQDULR DQG LGHQWLI\ IXWXUH SURVSHFWV RI
LQWHJUDWLQJ VRODU SURFHVV KHDWLQJ LQ $XVWUDOLDQ LQGXVWULDO VHFWRUV 7KH FKRLFH RI FRXQWULHV LV EDVHG RQ D GDWDEDVH ZKHUH SURPLVLQJ LQGXVWULDO
VHFWRUVDQGVRODUSURFHVVKHDWLQJDSSOLFDWLRQVDUHFXUUHQWO\XVLQJ LQFLGHQWVRODUHQHUJ\7KHVHDUHDQDO\]HG IRU WKHLUSRWHQWLDORI LQWHJUDWLRQ WR
GHYHORSLQJ VRODU KHDW LQ LQGXVWULDO SURFHVVHV 6+,3 DQG D QXPEHU RI SRWHQWLDO LQGXVWULDO VHFWRUV WKDW KDYH WKH KLJKHVW SRWHQWLDO OLNH 0RWRU
YHKLFOHV7H[WLOHV3ULQWLQJ:RRG3DSHU)DEULFDWHGPHWDO5XEEHUDQGSODVWLFVFKHPLFDOV)RRGEHYHUDJHVHOHFWULFDOHTXLSPHQWPDFKLQHU\




)URPUDZPDWHULDOVH[WUDFWLRQWRILQDOSURGXFWLRQSURFHVVLQJSURFHVVKHDW LVDXELTXLWRXVSDUWRIPDQ\ LQGXVWULHV2YHU SDVW
GHFDGHV WKHVHKDYH EHHQPXFK LQWHUHVW LQ EXLOGLQJV UHVLGHQWLDODUHDVDQG LQGXVWULDOSURFHVVKHDWDSSOLFDWLRQV)RVVLO IXHOV
DQG QDWXUDO JDV DUH XVHG LQ PDQXIDFWXULQJ LQGXVWULHV IRU SURFHVV KHDW JHQHUDWLRQ ZKLFK JLYHV ULVH WR JUHHQKRXVH JDV
HPLVVLRQVGHWULPHQWDOWRDVXVWDLQDEOHZRUOG
6RODULQGXVWULDOSURFHVVKHDWLQJV\VWHPVRIIHUD VROXWLRQIRUWKHVXVWDLQDELOLW\SUREOHPWKURXJKORZHUFDUERQHPLVVLRQV7KHVH
LQWHJUDWHGV\VWHPV DUHDVVRFLDWHGZLWKWKHKLJKFDSLWDOFRVWRI VRODUWKHUPDOFROOHFWRUV ZKLFKOHDGVYHU\IHZSURMHFWVWRFRPH
WR IUXLWLRQ5HFHQWO\VRODU WKHUPDOFROOHFWRUVKDYHJRQH WKURXJKVLJQLILFDQW LPSURYHPHQWVZLWK WKHGHYHORSPHQWRIDGYDQFHG
PRGHOLQJ WRROV IRU VRODUFROOHFWRUV IRU VRODU SURFHVVKHDW DSSOLFDWLRQV$VD UHVXOW WKHQXPEHU RI FRQFHQWUDWLQJ VRODU SRZHU
&63SODQWVKDV LQFUHDVHGGUDPDWLFDOO\ RSHQLQJ QHZUHVHDUFKDQGGHYHORSPHQWVHFWRUVIRUVRODU WKHUPDOGHYHORSHUVXVLQJ







7KH VLJQLILFDQW GUDZEDFN RI VRODU HQHUJ\ LV XQDYDLODELOLW\ IRU  KRXUV 6XSSOHPHQWDU\ SURFHVV KHDWLQJ V\VWHPV VKRXOG EH
HTXLSSHGWRVWRUHWKHVRODUUDGLDQFH,IWKHDYDLODEOHVRODUUDGLDWLRQGRHVQRWYDU\GHSHQGLQJRQVHDVRQ DVHDVRQDOVWRUDJH
V\VWHPLVQRWQHHGHG6HDVRQDOYDULDWLRQLVVLJQLILFDQWLQUHJLRQVZLWKUHGXFHGUDGLDWLRQLQZLQWHU,QDUHDVZKHUHORZUDQJHRI
VRODU UDGLDWLRQ LV DYDLODEOH OLNH FHQWUDO (XURSH WR VXSSRUW FRPSHWLWLYH VRODU WKHUPDO WHFKQRORJLHV UHTXLUH VXEVWDQWLDO FRVW
UHGXFWLRQV
2I WKHJOREDOILQDOHQHUJ\GHPDQG HOHFWULFLW\DFFRXQWVIRUDURXQGZKHUHORZWHPSHUDWXUHKHDWDSSOLFDWLRQVVWDQGIRU
ZKHUHDV KLJK WHPSHUDWXUH LQGXVWULDO SURFHVV KHDW RFFXSLHV  DQG IXHO XVHG LQ WUDQVSRUWDWLRQ DFFRXQWV IRU  ,3&&
 6HYHUDO SRWHQWLDO VWXGLHV KDYH EHHQ FRQGXFWHG WR LGHQWLI\ VXLWDEOH LQGXVWULDO SURFHVVHV HLWKHU JOREDOO\ RU UHJLRQDOO\
ZKHUH VRODU KHDW FDQ EH XVHG WR GHPRQVWUDWH 6+,3 LQWHJUDWLRQ IHDVLELOLW\ /DXWHUEDFK HW DO FDUULHG RXW D VWXG\ WR LGHQWLI\
SRWHQWLDOLQGXVWULDOSURFHVVHVDQGYDOLGDWHGWKHLUIHDVLELOLW\EDVHGRQ75$16<6VLPXODWLRQ5HJLRQDOGDWDVRODUFROOHFWRUW\SHV




V\VWHP WKURXJK D 75$16<6 VLPXODWLRQ EDVHG RQ ORFDWLRQ RQ SURFHVV WHPSHUDWXUH UHTXLUHPHQWV >@ :RKOJHPXWK HW DO







































































SURFHVV LQVWDOODWLRQV LQIRRGDQGEHYHUDJH LQGXVWULHV+HDOVRGHYHORSHGDFODVVLILFDWLRQPHFKDQLVPIRU6+,3LQWHJUDWLRQ>@
6KDUPD HW DO UHYLHZHG VRODU LQGXVWULDO SURFHVV KHDWLQJ V\VWHPV LQ UHVSHFW RI XWLOL]DWLRQ SRWHQWLDO SUHVHQW FRQGLWLRQ VRODU
FROOHFWRUV VRODU LQGXVWULDO SURFHVV KHDWLQJ V\VWHPV LQWHJUDWLRQ SRWHQWLDO HYDOXDWLRQ RI V\VWHP SHUIRUPDQFH HFRQRPLF
DVVHVVPHQW DQG EDUULHUV WR ODUJH VFDOH V\VWHP LQWHJUDWLRQ 7KLV SDSHU DOVR GLVFXVVHG DERXW WKH FXUUHQW RSHUDWLQJ VRODU
LQGXVWULDOSURFHVVKHDWLQJV\VWHPVZKLFKDUHRQO\ZULWWHQLQH[LVWLQJOLWHUDWXUHZRUNV > @
7KHUH LVQRH[LVWLQJZRUNZKLFKPDNHVD JOREDO UHYLHZRI VRODU LQGXVWULDOSURFHVVKHDWLQJV\VWHPV WRGHWHUPLQH GRPLQDWLQJ
FRXQWULHVEDVHGRQH[LVWLQJVRODULQGXVWULDOSURFHVVKHDWLQJV\VWHPV2XU FRXQWU\ZLVHDQDO\VLV LVIXUWKHUSURFHVVHG WRFODULI\
WKH LPPHQVH SRWHQWLDO RI 6+,3 LQ WKH ZRUOG¶V VXQQLHVW FRXQWU\ $XVWUDOLD WR EH XWLOL]HG E\ WKH  ODUJHVW LQGXVWULDO HQHUJ\




WKURXJK DQDO\]LQJ WKH VRODU HQHUJ\ SRWHQWLDO IROORZHG E\ LQGXVWULDO HQHUJ\ FRQVXPSWLRQ LQ $XVWUDOLD /HDGLQJPDQXIDFWXULQJ
VHFWRUV DUH DOVR GLVFXVVHG KHUH WR LGHQWLI\ WKH SRWHQWLDO SURFHVV VWDJHV ZKHUH VRODU WKHUPDO HQHUJ\ FRXOG EH LQ XVH $Q
H[WHQVLYHOLWHUDWXUHVXUYH\ ZDVGRQHWRLQYHVWLJDWHVRODU WKHUPDOUHVHDUFKLQLWLDWLYHVLQ$XVWUDOLD)LQDOO\ WKHIXWXUHSRWHQWLDORI




ZKLFK ZRXOG QHHG D GULYH WRZDUGV ]HUR FDUERQ HPLVVLRQ 7KHPDLQ JRDO RI WKLV UHYLHZ SDSHU LV WRPDUN WKH VRODU WKHUPDO
SRWHQWLDO LQ WKH ZRUOG¶V JUHDWHVW VXQQ\ DUHD $XVWUDOLD 7KH SRWHQWLDO LV LGHQWLILHG WKURXJK GHWDLOHG DQDO\VLV DQG FRPSDULVRQ
DPRQJ WKH DGYDQFHG FRXQWULHV ZKHUH WKH KLJKHVW QXPEHU RI 6+,3 SODQWV DUH RQ RSHUDWLRQ $W ILUVW FRXQWULHV ZLWK ODUJHVW
QXPEHURIVRODULQGXVWULDOSURFHVVKHDWSODQWVDUHLGHQWLILHGEDVHGRQLQGXVWULDOVHFWRULQVWDOOHGWKHUPDOFDSDFLW\DQGLQVWDOOHG





WKHFRXQWU\ZLVHFDVHVWXGLHV IRUFRPSLODWLRQRI WKHLU UHVXOWV ,QD ODWHUVWDJHDQH[WHQVLYH DQDO\VLV LVFRQGXFWHGFRPSDULQJ
$XVWUDOLD DV WKH VXQQLHVW FRXQWU\ LQ WKH FRQWLQHQW DQG WKH LGHQWLILHG FRXQWULHV EDVHG RQ WKHLU VRODU UHVRXUFHV DYDLODELOLW\




 6RODU LQGXVWULDO SURFHVV KHDWLQJ SODQWV WKURXJKRXW WKH ZRUOG DUH VRUWHG DQG FDWHJRUL]HG WR LGHQWLI\ WKH WRS WHQ
SRWHQWLDOFRXQWULHVZLWK6+,3SODQWVFXUUHQWO\LQRSHUDWLRQ












6RODU LQGXVWULDO SURFHVV KHDW SODQWV GDWDEDVH LQIRUPDWLRQ LV XVHG IRU LGHQWLI\LQJ DQG FDWHJRUL]LQJ FRXQWULHV WKDW DUH DOUHDG\
DGYDQFHGZLWK6+,3SODQW LQWHJUDWLRQ LQWKHLUJURZLQJPDQXIDFWXULQJ LQGXVWULHV+RZHYHU WKHUHZRXOGEHVRPHFDVHVZKHUH
VRODU HQHUJ\ IRU LQGXVWULDO SURFHVV KHDW LV QRW FRQYHQLHQW GXH WR GLIILFXOW\ LQ SUDFWLFDO LPSOHPHQWDWLRQ (YHQ IRU LQGXVWULDO





































































7DEOH LV IRFXVHGRQDFRXQWU\EDVHGDQDO\VLVRIVRODUSURFHVVKHDWLQJV\VWHPVEDVHGRQWKHNH\ LQGXVWULDOVHFWRUV ZKHUH
VRODU KHDW LV LQ XVH DQG ZKHUH LW LV QRW  FRXQWULHV DUH WKH IRFXV RI FRQVLGHUDWLRQ ZKHUH FXUUHQW VRODU SURFHVV KHDWLQJ
V\VWHPVDUHZLGHO\ XVHG LQ VHYHUDO LQGXVWULHV7KHVHFRXQWULHV DOUHDG\KDYH6+,3SODQWV LQ DZLGH UDQJHRIPDQXIDFWXULQJ
LQGXVWULHV ZKHUHRWKHULQGXVWULDOVHFWRUVVWLOOODFN LQWHJUDWLRQ%RWK DUHLGHQWLILHGWKURXJKWKLVUHYLHZZRUN
7DEOH ,QGXVWULDO6HFWRUVDQGFRXQWU\ZLVHDQDO\VLV
&RXQWU\1DPH ,QGXVWULDO6HFWRUVXVLQJ6+,3 ,QGXVWULDO 6HFWRUV ZKLFK DUH GRPLQDQW EXW ODFN
UHQHZDEOH HQHUJ\V\VWHPLQWHJUDWLRQ
,QGLD $JULFXOWXUH IRRG WREDFFR WH[WLOH ZHDULQJDSSDUHOOHDWKHU
SDSHU FKHPLFDOPHWDOV HOHFWULFDOHTXLSPHQW WUDQVSRUW
HTXLSPHQW
SKDUPDFHXWLFDOVVWHHOPLQLQJ
$XVWULD )RRG EHYHUDJHVOHDWKHU FKHPLFDOVPHWDOV IXUQLWXUH (OHFWULFVDQG(OHFWURQLFVLQGXVWU\DQG :RRG3XOSDQG3DSHU
LQGXVWU\
*HUPDQ\ $JULFXOWXUH IRRG EHYHUDJHV WH[WLOHV
FKHPLFDOV PHWDOV
DXWRPRELOHV HOHFWULFDOHTXLSPHQW
86$ $JULFXOWXUH IRRG EHYHUDJHV WH[WLOHV VWHHO PRWRU YHKLFOHV DHURVSDFH FKHPLFDOV HOHFWURQLFV
PLQLQJ
6SDLQ $JULFXOWXUHIRRGWH[WLOHV ZRRGPHWDOV PRWRUYHKLFOH FKHPLFDOVSKDUPDFHXWLFDOV VKLSEXLOGLQJDXWRPRELOHV




6RXWK $IULFD 0LQLQJ IRRG EHYHUDJHV PDFKLQHU\ PRWRUYHKLFOHV $XWRPRWLYHHOHFWURQLFV
0H[LFR $JULFXOWXUH IRRG $HURVSDFH HOHFWURQLFV WREDFFR FKHPLFDOV LURQ DQG VWHHO
PLQLQJWH[WLOHVFORWKLQJPRWRUYHKLFOHV
)UDQFH IRRGDQGEHYHUDJHV PHWDOV DXWRPRELOH PDQXIDFWXULQJ DLUFUDIW SURGXFWLRQ FKHPLFDOV
HOHFWURQLFV




FOHDU VXQQ\ GD\V DQG  KRXUV RI VXQVKLQH SHU \HDU ,QGLDQ LQGXVWULHV DUH GRPLQDQW LQ GLIIHUHQW VHFWRUV IRU XVLQJ
UHQHZDEOHV WR UHGXFH JUHHQKRXVHJDV HPLVVLRQV EXW VWLOO WKH SKDUPDFHXWLFDO LQGXVWULHV PLQLQJ DQG VWHHO LQGXVWULHV ODFN
UHQHZDEOHV ZKLFK LV FUXFLDO IRU WKHLU HFRQRP\ +RZHYHU LQ WREDFFR SDSHU PHWDOV DQG ZHDULQJ DSSDUHO VHFWRUV ,QGLDQ
LQGXVWULHVDUH UXQQLQJ ZLWKWKHKLJKHVWFDSDFLW\ WKHUPDOSRZHUVWDWLRQV 7DEOH7KRXJK ,QGLDKDVDQ LPPHQVHSRWHQWLDO LQ
VHYHUDOLQGXVWULHV WKHUHLVOLWWOHH[LVWLQJOLWHUDWXUHZRUNVRQ6+,3LQWKHIRRGDQGSDSHULQGXVWU\LQ,QGLD
3DODQLDSSDQ GHVFULEHG DQ LQWHUDFWLYH IRUXP QDPHG WKH ,QGLD3ODQWHUV(QHUJ\1HWZRUN ± 3(1 DQ 1*2ZKLFK KDV PDGH D
UHPDUNDEOHFRQWULEXWLRQWR VRODUKRWDLUWHFKQRORJ\IRUGHK\GUDWLRQRUGU\LQJWKLQJVOLNHWHDOHDYHVVSLFHVJUDLQV VDOWFHUDPLF
ILVK ODWH[ UXEEHU SXOVHV DQG SDGG\ HWF $OO WKHVH XQLWV DUH VXSSOHPHQWHG ZLWK FRQYHQWLRQDO SURFHVV KHDWLQJ XQLWV VR WKDW
SURGXFWLRQLQWKHIDFWRULHVLV XQLQWHUUXSWHG3(1VXFFHVVIXOO\GHPRQVWUDWHGKLJKFDSDFLW\K\JLHQLFSURFHVVLQJRIILVKLQ,QGLD
3(1DLUKHDWHUVFRXSOHGZLWKUHFLUFXODWLRQGULHUV FRXOGEHXVHGIRUGU\LQJRUJDQLFDOO\JURZQIUXLWVOLNHPDQJRSLQHDSSOHDQG
EDQDQD >@6KDUPDHWDOFRQGXFWHGH[WHQVLYH VWXGLHV WRILQGWKHVRODUSURFHVVKHDWLQJSRWHQWLDO LQ WKHSDSHU LQGXVWU\DQG
GDLU\LQGXVWU\LQ,QGLDE\HVWLPDWLQJWKHDQQXDOSURFHVVKHDWLQJUHTXLUHPHQWVSHFLILFWKHUPDOHQHUJ\UHTXLUHPHQWDQG IURPD
VXUYH\RIDOO,QGLDQSDSHULQGXVWULHVEDVHGRQORFDWLRQVDQGWKHLUUHTXLUHPHQWV8VLQJWKHWRWDOSURFHVVKHDWLQJSRWHQWLDOWKH
UHTXLUHGVRODUFROOHFWRUDUHDZDVDOVRHVWLPDWHG>@8SSDOHWDO UHYLHZHG ,QGLDQDXWRPRELOH LQGXVWULHV ZKLFKFRQVXPH
ODUJHDPRXQWV RI HOHFWULFLW\ RU KHDW IROORZHGE\SHWUROHXPVRXUFHV OLNH QDWXUDO JDVDV WKH VHFRQG ODUJHVWVRXUFH 7KH WRWDO
HQHUJ\FRQVXPSWLRQLQWKHDXWRPRELOHLQGXVWU\LVPDLQO\GLYLGHGLQWR WKUHHILHOGV%RG\VKRS3DLQWVKRSDQG$VVHPEO\VKRS
ZKHUHGLIIHUHQWSURGXFWLRQ WDNHVSODFH LQDZHOOGHILQHGVHTXHQFH OHDGLQJ WRDSURGXFWFRQVXPLQJRI WKH WRWDOHQHUJ\
FRQVXPHGLQ3DLQWVKRSIROORZHGE\FRQVXPSWLRQLQSDLQWVKRSDQG LQ WKH $VVHPEO\VKRS(OHFWULFLW\FRQVXPHGLQ
3DLQWVKRSKDVD  VKDUH OHDGLQJWRVKDUH LQ WKHERG\VKRSDQG WKHUHVWLQWKHDVVHPEO\VKRS1DWXUDOJDV LV
FRQVXPHGLQWKH3DLQWVKRSZLWKDKLJKVKDUHRISOXVLQ%RG\VKRSDQGLQWKH$VVHPEOHVKRS >@6XUHVKHWDO
GHYHORSHGDPHWKRGRORJ\WRHVWLPDWHWKHVRODULQGXVWULDOSURFHVVKHDWLQJLQWHJUDWLRQSRWHQWLDO 7KH\GHYHORSHGDPHWKRGRORJ\














































































$JULFXOWXUH    3DODQLDSSDQ>@  'HYHORSHGVRODUKRWDLUWHFKQRORJ\IRUGU\LQJ
DJULFXOWXUDOSURGXFWV
)RRG    6KDUPD>@  6XUYH\RI,QGLDQGDLU\LQGXVWULHVEDVHGRQJURVV
HQHUJ\UHTXLUHPHQWVDQGDQQXDOSURFHVVKHDWLQJUHTXLUHPHQWV
7REDFFR   
7H[WLOHV   
:HDULQJDSSDUHO   
/HDWKHU   
3DSHU    6KDUPD>@± 6XUYH\RIDOO,QGLDQSDSHULQGXVWULHVEDVHGRQ
WKHLUORFDWLRQDQGHQHUJ\UHTXLUHPHQWV
&KHPLFDOV   







0DFKLQHU\   












,Q $XVWULD WKH XSSHU UHJLRQ KDV PRUH WKDQ PLOOLRQ VTXDUHPHWHU RI VRODU FROOHFWRU LQVWDOOHG6RODUPDUNHW GHYHORSPHQW LV
VXSSRUWHGE\DVWDWHHQHUJ\VWUDWHJ\7KHVRODUWKHUPDOFROOHFWRUVKDYHEHHQ GHYHORSHGLQ$XVWULDRYHU WKHODVWWZR GHFDGHV
6RODU FROOHFWRU V\VWHPV ZHUH LQVWDOOHG LQ ERWK H[LVWLQJ EXLOGLQJV DQG SULQFLSDO KHDWLQJ V\VWHP LQ QHZ EXLOGLQJV $XVWULD LV
GRPLQDQWLQVHYHUDOLQGXVWULDOVHFWRUVIRUXVLQJVRODUSURFHVVKHDWLQJV\VWHPVOLNHIRRGDQGEHYHUDJHVOHDWKHUFKHPLFDOV DQG
PHWDOV LQGXVWULHV,Q QRQPHWDOOLFPHWDO LQGXVWULHV IDEULFDWHGPHWDO LQGXVWULHVDQGWKHIXUQLWXUHVHFWRU$XVWULDQ LQGXVWULHVDUH
LGHQWLILHG DV WKH KLJKHVWFDSDFLW\ VRODU WKHUPDO SRZHU VWDWLRQV ZLWK ODUJH FROOHFWRU DUHD%XWZRRGDQG SXOS SDSHU DQG WKH
HOHFWURQLFVLQGXVWULHVFRQWULEXWH DORWWRWKH $XVWULDQHFRQRP\ZKLFKVWLOOODFNVDIRFXVRIDWWHQWLRQRQ UHQHZDEOHV7DEOH 
.UDQ]OHWDOSURYLGHGDQRYHUYLHZRI WKHVWDWXV DQGSURVSHFWV RI UHQHZDEOHHQHUJ\ LQ WKHKHDWVHFWRURI$XVWULDXQWLO 
8SSHU$XVWULDLPSOHPHQWHGWKHLUWDUJHWLQWKHVSDFHKHDWLQJDQGKRWZDWHUVHFWRUV7KLVSDSHUDQDO\]HVWKHSROLF\GHYHORSPHQW
RI WKH *RYHUQPHQW IRU UHQHZDEOH HQHUJ\ LQ WKH KHDW VHFWRU 5(6+ >@ 6FKQLW]HU HW DO DSSOLHG D QHZO\ GHYHORSHG


















































































/HDWKHU   
&KHPLFDOV   
1RQPHWDOOLFPLQHUDOV   
%DVLFPHWDOV   
)DEULFDWHGPHWDOV   
0DFKLQHU\   






*HUPDQ\ LV VXFFHVVIXOO\ RSHUDWLQJ VRODU SURFHVV KHDWLQJ V\VWHPV LQ DJULFXOWXUH EHYHUDJHV EDVLF PHWDOV DQG VRPH RWKHU
LQGXVWULHV &KHPLFDOV DQG FKHPLFDOSURGXFW LQGXVWULHV IRRG DQG EHYHUDJHV KDYH D ORZWHPSHUDWXUH KHDW GHPDQG +LJK
WHPSHUDWXUH SURFHVVHV DUHPDLQO\ IRXQG LQ WKH KHDY\PHWDO DQG QRQPHWDOOLF SURGXFWV KHDY\ LQGXVWULHV  $XWRPRELOHV DQG
HOHFWULFDOLQGXVWULHVFDQDOVRFRQWULEXWHLQDPHDQLQJIXOZD\WRUHGXFHFDUERQGLR[LGHHPLVVLRQVXVLQJUHQHZDEOHVEHFDXVHRI
WKHLUGRPLQDQFHLQWKH*HUPDQLQGXVWULDOHFRQRP\7DEOH
/DXWHUEDFK HW DO UHYLHZHG H[LVWLQJ SRWHQWLDO VWXGLHV LQ WKH ILHOG RI VRODU SURFHVV KHDW ZKHUH DWWHQWLRQ LV JLYHQ LQ LQGXVWULDO














$JULFXOWXUH   
)RRG   
%HYHUDJHV   







&KHPLFDOV   
%DVLFPHWDOV   
)DEULFDWHGPHWDOV   















































































,Q WKH 86$ PDQXIDFWXULQJ VHFWRUV OLNH FKHPLFDOV IRRG SDSHU SHWUROHXP DQG SULPDU\PHWDOV KDYH WKH JUHDWHVW XVDJH RI





XVHUV RI LQGXVWULDO VWHDP )RFXVLQJ RQ WKH IRRG VHFWRU WKH\ H[DPLQHG WKH VRODU UHVRXUFH SRWHQWLDO DQG KHDW HQHUJ\












$JULFXOWXUH   





%HYHUDJHV   
7H[WLOHV   
 6SDLQ
,Q6SDLQ WKH PDMRUSURFHVVKHDWUHTXLUHPHQWVLQLQGXVWULDOVHFWRUVDUHVKDUHGE\FKHPLFDOVIRRGEHYHUDJHV DQGWREDFFRDQG
SDSHU LQGXVWULHV 2WKHU OHVV HQHUJ\LQWHQVLYH LQGXVWULHV DUH LGHQWLILHG DV WH[WLOHV ZRRG DJULFXOWXUH IDEULFDWHG PHWDOV DQG
DXWRPRELOH LQGXVWULHV$PRQJGLIIHUHQWVRODUSURFHVVKHDWLQJ LQGXVWULHV DJULFXOWXUH KDV WKHPRVWSRWHQWLDODQG RSHUDWHVZLWK
WKHZRUOG¶V ODUJHVWFDSDFLW\VRODUWKHUPDOSRZHUVWDWLRQ LQWKLVVHFWRU+RZHYHU6SDLQKDV DJUHDWSRWHQWLDO IRU VRODUSURFHVV
KHDWLQJV\VWHPV LQDXWRPRELOHVFKHPLFDOVDQG WKHSKDUPDFHXWLFDOVVHFWRU7DEOHGHVFULEHVH[LVWLQJ OLWHUDWXUHRQ6+,3 LQ
6SDLQ
6FKZHLJHUHWDO UHYLHZHG WKHSRWHQWLDORIVRODU LQGXVWULDOSURFHVVKHDW IURPH[LVWLQJSLORWSODQWV LQ6SDLQDQG3RUWXJDO7KH\
VXPPDUL]HG UHFHQWGHYHORSPHQWVLQPHGLXPDQGKLJKWHPSHUDWXUHVRODUFROOHFWRUVDQGRXWOLQHGIXWXUHWUHQGV7KH\DQDO\]HG
VRODUSURFHVVKHDWLQJV\VWHPLQWHJUDWLRQSRWHQWLDOLQ GLIIHUHQWORFDWLRQVEDVHGRQ D75$16<6 VLPXODWLRQGHSHQGLQJRQVRODU










$JULFXOWXUH    6FKZHLJHU >@ DQDO\]HG WKH VRODU LQGXVWULDO
SURFHVV KHDWLQJ V\VWHPV RI YDULRXV LQGXVWULDO
VHFWRUV ZLWKLQ (XURSH OLNH IRRG WH[WLOH ZRRG
SDSHUFKHPLFDODQGWLPEHU7KH\DQDO\]HGWKH
SRWHQWLDO DQG UHTXLUHPHQWV RI VRODU LQGXVWULDO
SURFHVV KHDWLQJ V\VWHPV ZLWKLQ ILYH GLIIHUHQW
FLWLHV RI 6SDLQ DQG 3RUWXJDO EDVHG RQ
75$16<6 VLPXODWLRQ 7KH UHVXOWV VKRZHG
DQQXDO HQHUJ\ JDLQ RI  WR  N:KP







































































7H[WLOHV   
:RRG   
)DEULFDWHGPHWDOV   
0RWRUYHKLFOHV   
 &KLQD
7KHPRVWSURVSHURXV LQGXVWULDO VHFWRUV LQ&KLQDDUHPLQLQJDQGRUH SURFHVVLQJ OLNH LURQVWHHO DOXPLQXPFRDOFHPHQWDQG
DXWRPRELOHV ZKLFK FDQ FRQWULEXWH LQ D PHDQLQJIXO ZD\ IRU EXLOGLQJ D VXVWDLQDEOH HQYLURQPHQW E\ DGRSWLQJ VRODU SURFHVV
KHDWLQJV\VWHPV&XUUHQWO\RQO\DIHZLQGXVWULHVDUHRSHUDWLQJZLWKUHQHZDEOHSURFHVVKHDWLQJV\VWHPV OLNHDJULFXOWXUH IRRG
DQGEHYHUDJHVWH[WLOHVOHDWKHUDQGFKHPLFDOV 7DEOH












$JULFXOWXUH   
)RRGSURGXFWV    6WXUP>@DQDO\]HGWKUHHGLIIHUHQWVWHDP
JHQHUDWLRQV\VWHPRI&KLQHVHFRQGLPHQWVHFWRUWR
LQWHQVLI\SURFHVVKHDWJHQHUDWLRQV\VWHP
%HYHUDJHV   
7H[WLOHV   












IRU XVLQJ KLJKWHPSHUDWXUH SURFHVV KHDW >@ -RXEHUW HW DO UHVHDUFKHG ODUJHVFDOH VRODU WKHUPDO V\VWHPV LQ 6RXWK $IULFD
ZKHUHV\VWHPVDUHDQDO\]HGEDVHGRQFRVWDSSOLFDWLRQVDQGLQGXVWULHV>@
7DEOH6RODU,QGXVWULDO3URFHVV+HDW3ODQWV6XPPDU\IRU6RXWK$IULFD>@





































































0LQLQJDQGTXDUU\LQJ   
)RRG   
%HYHUDJHV   
0DFKLQHU\   









IDFWRU IRU SURFHVV KHDW JHQHUDWLRQ DQG LV D GHWHUPLQDQW IRU WKH LQGXVWULDO HFRQRP\ 0H[LFDQ VRODU HQHUJ\ LV DQ DEXQGDQW
UHVRXUFH,QIXWXUH0H[LFDQLQGXVWULHVZKLFKFDQDGRSWVRODUSURFHVVKHDWLQJ V\VWHPVLQFOXGHDJULFXOWXUHWREDFFRFKHPLFDO
DQGPLQLQJLQGXVWULHV7DEOH GHVFULEHV H[LVWLQJ6+,3 SODQWVLQ0H[LFR











$JULFXOWXUH   










FRROLQJ RI ZLQH FHOODU DEVRUSWLRQ FKLOOHU N: FDSDFLW\ DQG IRU KHDWLQJ XS DQ DONDOLQH FOHDQLQJ EDWK )RRG DQG EHYHUDJH
IDEULFDWHGPHWDOLQGXVWULHVDUHRSHUDWLQJZLWKVRODUSURFHVVKHDWLQJV\VWHPVKRZHYHUDXWRPRELOHDQGFKHPLFDOPDQXIDFWXUHUV









)RRG   
%HYHUDJHV   















































































)RRG    .DUDJLRUJDV>@HYDOXDWHGDQGFRPSDUHG
VRODUWKHUPDOV\VWHPVZLWKIRVVLOIXHO
SRZHUHGHQHUJ\HTXLYDOHQWV\VWHPV
%HYHUDJHV   
7H[WLOHV   
3KDUPDFHXWLFDOV   
/HDWKHU3URGXFWV   
2WKHU&RXQWULHV











(J\SW 3KDUPDFHXWLFDO3URGXFWV   
&KHPLFDO3URGXFWV   
&]HFK
5HSXEOLF
)RRG   
%HYHUDJHV   
7KDLODQG /HDWKHU   
5XEEHU   
9LHWQDP /HDWKHU   
7H[WLOH   
:HDULQJ$SSDUHO   
$UJHQWLQD 7REDFFR   
&KLOH 0LQLQJDQGTXDUU\LQJ   
&RVWD5LFD )RRG   


































































,QGRQHVLD )RRG   
,VUDHO )RRG   
,WDO\ )RRG   
-RUGDQ )RRG   
.HQ\D /HDWKHU   
1HWKHUODQG
V
)RRG   
3DQDPD )RRG   
5RPDQLD $JULFXOWXUH   
6DXGL
$UDELD
%HYHUDJHV   
6ZHGHQ &RPSXWHU3URGXFWV   
7XQLVLD %HYHUDJHV   
 6+,3 LQ$XVWUDOLD
$XVWUDOLD KDV LPPHQVH SRWHQWLDO IRU VRODU LQGXVWULDO SURFHVV KHDWLQJ V\VWHPV EHLQJ WKH VXQQLHVW FRXQWU\ LQ WKH ZRUOG 7KLV




DQQXDOVRODUUDGLDWLRQIDOOLQJLQ$XVWUDOLDLVDERXW WLPHVLWVDQQXDOHQHUJ\FRQVXPSWLRQZKLFKLV PLOOLRQSHWD MRXOHV2I
WKH$XVWUDOLDQ VWDWHV:HVWHUQ$XVWUDOLD LV WKH ODUJHVWFRQVXPHURI VRODU WKHUPDO HQHUJ\ IROORZHGE\1HZ6RXWK:DOHVDQG
4XHHQVODQG$IWHUVHWWLQJDZLGHUDQJHRI*RYHUQPHQWRUVWDWH*RYHUQPHQWSROLFLHVWKH XVHRIVRODUZDWHUKHDWLQJV\VWHPVLQ
UHVLGHQWLDODQGEXLOGLQJVHFWRUVKDVGUDPDWLFDOO\LPSURYHGRYHUWKHGHFDGHV *:KRIVRODUHQHUJ\ZDVXVHGLQ$XVWUDOLDLQ
 ZKHUH GRPHVWLFZDWHU KHDWLQJ FRQWULEXWHV $XVWUDOLD¶VVRODU HQHUJ\DFWLYLWLHV DUHFRQILQHG WR GRPHVWLF KRWZDWHU






LQ WKHPLQLQJ VHFWRU FRQWLQXHG WR JURZ VWURQJO\ LQ ± E\ QHDUO\  VXSSRUWHG E\ VLJQLILFDQW LQFUHDVHV LQ SURGXFWLRQ
DFURVV D UDQJH RI UHVRXUFHV DQG HQHUJ\ FRPPRGLWLHV (QHUJ\ XVH LQ RLO DQG JDV H[WUDFWLRQ LQFUHDVHG E\ QHDUO\ 
XQGHUSLQQHG E\ JURZWK LQ JDV SURGXFWLRQ IRU GRPHVWLF XVH LQ 4XHHQVODQG DQG:HVWHUQ $XVWUDOLD ([SDQVLRQ RI LURQ RUH
SURGXFWLRQLQ:HVWHUQ$XVWUDOLDVXSSRUWHGJURZWKLQHQHUJ\XVHLQRWKHUPLQLQJDVZHOO >@
















































































7KH ZKROH LQGXVWULDO VHFWRU LQ $XVWUDOLD FRXOG EH VXEGLYLGHG LQWR PLQLQJ LQGXVWU\ PDQXIDFWXULQJ LQGXVWU\ DQG DJULFXOWXUDO
LQGXVWU\
0LQLQJ LQGXVWU\ LV WKHSULPDU\FRQWULEXWRU WR WKH$XVWUDOLDQHFRQRP\7KHPLQLQJ LQGXVWU\EULQJV ELOOLRQ$8'SHUDQQXP
ZKLFK FRQVWLWXWHV  RI WRWDO 0LQLQJ LV UHVSRQVLEOH IRU DERXW  RI $XVWUDOLDQ *'3 $V RQH RI WKH ODUJHVW SURGXFHUV RI
PLQHUDO FRPPRGLWLHV LQFOXGLQJ DOXPLQXP FRSSHU JROG LURQ PLQHUDO VDQGV ]LQF DQG FRDO $XVWUDOLD LV WKH ZRUOG¶V ODUJHVW





$XVWUDOLDQPDQXIDFWXULQJ LQGXVWU\ LV UHVSRQVLEOH IRUDURXQGRI LWV *'3 7KHPDQXIDFWXULQJ LQGXVWU\KDV VHYHUDOVHFWRUV
OLNH IRRG DQG EHYHUDJHV WH[WLOH ZRRG DQG SDSHU FKHPLFDOV PDFKLQHU\ PRWRU YHKLFOHV HWF 0RVW RI WKH PDQXIDFWXULQJ
LQGXVWULHVDUHVLWXDWHGLQ1HZ6RXWK:DOHVIROORZHGE\9LFWRULD>@
 6RODU7KHUPDO$FWLYLWLHVLQ$XVWUDOLD
7KHUH DUH VHYHUDO UHVHDUFK LQLWLDWLYHV WR LQYHVWLJDWH WKH SRWHQWLDO RI VRODU HQHUJ\ XWLOL]DWLRQ LQ $XVWUDOLD %DKDGRUL HW DO
FRQGXFWHGDVWXG\IRFXVHGRQWKHQHFHVVLW\WRLPSURYHWKHVRODUHQHUJ\XWLOL]DWLRQ LQ$XVWUDOLD LQFOXGLQJWKH FXUUHQWVFHQDULR
DQG IXWXUH SRWHQWLDO 7KLV SDSHU DQDO\]HV ERWK VRODU 39 DQG VRODU WKHUPDO V\VWHPV 7KH\ VKRZHG WKDW VRODU HQHUJ\ FDQ
VLJQLILFDQWO\FRQWULEXWHLQ IXWXUHWR$XVWUDOLD¶VHOHFWULFLW\VXSSO\JULG>@(JOLQWRQHWDOUHYLHZHGWKHSRWHQWLDORI FRQFHQWUDWLQJ
VRODU WKHUPDO WHFKQRORJ\ ZKLOH DWWHQWLRQ LV IRU KLJK WHPSHUDWXUH SURFHVVHV LQ WKH $XVWUDOLDQ PLQHUDO SURFHVVLQJ DQG
PHWDOOXUJLFDO LQGXVWU\ >@%DLJHWDO UHVHDUFKHG WKHIHDVLELOLW\RI LQWHJUDWLQJ FRQFHQWUDWLQJVRODUSRZHUV\VWHPV LQ1RUWKHUQ
7HUULWRU\PLQLQJ LQGXVWULHV$V WKH1RUWKHUQ7HUULWRU\ LV WKH UHJLRQZLWK WKHKLJKHVWVRODU UDGLDWLRQ LQWHQVLW\PDMRUFRQFHUQ LV
ILQGLQJ WKH GHVLJQ UHTXLUHPHQWV DQG FRVWV IRU IXWXUH VRODU LQWHJUDWHG ]HURFDUERQ HPLVVLRQ PLQLQJ LQGXVWULHV >@ )XOOHU
UHYLHZHG VRODU GU\LQJ WHFKQRORJLHV LQVWDOOHG DQG RSHUDWLQJ LQ $XVWUDOLDQ DJULFXOWXUDO LQGXVWULHV VLQFH ,Q DQRWKHU SDSHU
)XOOHUDOVRUHYLHZHGWKHSDVWDFWLYLW\ LQ 6+,3LQ$XVWUDOLDDQG WKHOHVVRQVOHDUQHGIURPLWIRUIXWXUHSURJUHVVLQ6+,3 >@
%HDWK UHYLHZHG WKH LQGXVWULDOHQHUJ\XVDJH IRU$XVWUDOLD IURP LQGLYLGXDO VLWHVE\ WKHLUXQLTXHFKDUDFWHULVWLFV  ORFDWLRQ
LQGXVWU\W\SHHQHUJ\XVHFKDUDFWHULVWLF SURFHVVWHPSHUDWXUH>@
$XVWUDOLDLVWKHZRUOG¶VVXQQLHVWFRQWLQHQWZLWKHQRUPRXVEXWODUJHO\XQGHUXWLOL]HGSRWHQWLDOIRUVRODUSRZHUJHQHUDWLRQ$VWKH
VRODU LQGXVWU\JURZV LWRSHQVRSSRUWXQLWLHV IRUVPDOOEXVLQHVVHV LQYHVWPHQWDQG MREV LQVRODU LQVWDOODWLRQDQGPDLQWHQDQFH
&KLQD LV WKHZRUOG VRODU LQYHVWPHQW OHDGHU VHWWLQJ D RQH\HDU UHFRUG LQ ZLWK86 ELOOLRQ LQYHVWHG6RODU FDSDFLW\
GRXEOHGLQDQG&KLQDLQWHQGVWRWULSOHWKDWFDSDFLW\LQDQRWKHUWZR\HDUV *HUPDQ\UHFHLYHVOHVVVXQOLJKWWKDQ9LFWRULDEXW
KDV PRUH LQVWDOOHG FDSDFLW\ WKDQ DQ\ RWKHU FRXQWU\ GXH WR D VLJQLILFDQW SURJUDP RI SROLF\ VXSSRUW *OREDOO\ WKH FRVW RI


















































































)RRG  86$ 3UHVWDJH)RRG :DWHUKHDWLQJ  
%HYHUDJH  86$ *DWRUDGH :DWHUSUHKHDWLQJ  
7H[WLOHV  &KLQD 'DO\7H[WLOH :DWHUKHDWLQJ  















 ,QGLD .DQJDURR,QGLD/LPLWHG 1LFNHOEDWK  
&KHPLFDOV  &KLQD 6RODU6WHDP%RLOHUIRU
3URGXFW	*DPEOH7LDQMLQ
6WHDPJHQHUDWLRQ  
0DFKLQHU\  ,QGLD  :KHHOV,QGLD :DWHUKHDWLQJ  
0RWRU
YHKLFOHV
 6SDLQ 1LVVDQ$YLOD %RG\ZRUNVSUHWUHDWPHQWOLQH  
3DSHU  ,QGLD %63DSHU0LOO 'LIIHUHQWSURFHVVDSSOLFDWLRQV  




UHVHDUFK DQG UHYLHZZRUNV WR LGHQWLI\ VRODU LQGXVWULDO SURFHVV KHDWLQJ SRWHQWLDO /DXWHUEDFK:RKOJHPXWK .XUXS UHYLHZHG
SRWHQWLDO LQGXVWULDOVHFWRUV>@:HLVVWULHVWRSRLQWRXW WKHVRODU LQGXVWULDOSURFHVVKHDWLQJV\VWHPVLQWHJUDWLRQSUREOHPV
DQGWULHVWRILQGWKHLUVROXWLRQ.DORJLURXVXJJHVWHGVXLWDEOHVRODUFROOHFWRUW\SHV GHSHQGLQJRQZHDWKHUGDWDXVLQJD7516<6
VLPXODWLRQ >@ 6FKPLWW SURSRVHV D FODVVLILFDWLRQ PHFKDQLVP IRU 6+,3 >@ 6RODU KHDW XWLOL]DWLRQ LQ LQGXVWULDO SURGXFWLRQ
SURFHVVHVLV DQDO\]HGDQGFRPSDUHGDPRQJLQGXVWULDOVHFWRUVZKLFKFRQVWLWXWH RILQGXVWULHVWKURXJKRXWWKHZRUOG 7KH
 LQGXVWULHVFRYHUFRXQWULHV OLNH86$&KLQD ,QGLDDQGVHYHUDO(XURSHDQFRXQWULHV$OO WKRVH LQGXVWULHVDUHFRPSDUHG
EDVHGRQ WKHLU UHVSHFWLYHSURFHVVRSHUDWLRQ LQVWDOOHG WKHUPDO SRZHU N:WK DQG LQVWDOOHG FROOHFWRU DUHD Pð 7KH7DEOH 
VKRZHG WKDW LQ &KLOH &RGHOFR *DEULHOD 0LVWUDO LV WKH KLJKHVW FDSDFLW\ WKHUPDO SRZHU N:WK XQLW RSHUDWLQJ ZLWK WKH
ODUJHVWVRODUFROOHFWRUDUHDRIDOO  Pð ,QGLD LVRSHUDWLQJDKXJHQXPEHURI6+,3SODQWVZLWKWKH WRWDOKLJKHVWFDSDFLW\
DQGFROOHFWRUVDUHFRQVWUXFWHGIRU EDVLFPHWDOVPDFKLQHU\HOHFWULFDOHTXLSPHQWWREDFFRZHDULQJDSSDUHOSDSHUDQGWUDQVSRUW





DQGPDMRU UHVHDUFKDVSHFWV)LUVWO\ ,QGLDVWDQGV IRURI WKHWRWDOZRUOG¶VJOREDOFDSDFLW\RIVRODUZDWHUKHDWLQJV\VWHPV
ZKHUH IRRGDQGDJULFXOWXUHDUH WKH OHDGLQJ LQGXVWULDOVHFWRUHPSOR\LQJ6+,3V\VWHPV ,QGLDKDVH[WHQVLYH UHVHDUFK IRFXVRQ
VRODUGU\LQJWHFKQLTXHIRFXVHGLQDJULFXOWXUHDQGIRRGVHFWRU7KHQFRPHV$XVWULDZKLFKKDYHFDSDFLW\RIRIJOREDOFDSDFLW\
RI VRODUZDWHU KHDWLQJEDVHG FROOHFWRU V\VWHPVDQG6+,3 V\VWHPVDUHEDVHGRQ IRRG LQGXVWULHV DV OLNH LQ ,QGLD ,Q$XVWULD





































































SDUDEROLF WURXJK VRODU FROOHFWRU EDVHG 6+,3 V\VWHPV 7KHQ FRPHV 86$ ZKLFK KDV ODUJHU VRODU WKHUPDO FROOHFWRU FDSDFLW\
SRWHQWLDOWKDQ,QGLD&KLQDDQG$XVWULD+HUHUHVHDUFKIRFXVLVFRQILQHGRQ&DOLIRUQLDEDVHGVRODUUHVRXUFHVSRWHQWLDOEDVHG RQ
JURVV HQHUJ\ UHTXLUHPHQWV E\ LQGXVWULHV ORFDWHG WKHUH 1H[W FRPHV 6SDLQ ZKLFK VKRZV VLPLODU WUHQG OLNH 86$ 7KH QH[W
SRVLWLRQJRHVIRUZRUOG¶VODUJHVWSRWHQWLDOFRXQWU\IRUVRODUWKHUPDOFDSDFLW\RIFROOHFWRUVXVHGLQZDWHUKHDWLQJWKDWLV&KLQD
&KLQHVH6+,3LQGXVWULHVUHO\RQIRRGLQGXVWU\PRVWO\ZKHUHLQGXVWULDOHQHUJ\FRQVXPSWLRQLVDQDO\]HGLQWKHUHVSHFWRI6+,3
EDVHG RQ HFRQRPLF LQSXWRXWSXW DQDO\VLV 6LPLODU WUHQG LV QRWLFHG IRU 6RXWK$IULFD0H[LFR *UHHFH DQG )UDQFH:KLOH WKH
TXHVWLRQ FRPHV DERXW $XVWUDOLD WKH NH\ LQGXVWULDO VHFWRUV DUH PLQLQJ DQG DJULFXOWXUDO LQGXVWULHV $FFRUGLQJ WR UHVHDUFK
FKDOOHQJHV$XVWUDOLDEDVHGUHVHDUFKHUFRPPXQLW\LVIRFXVHGRQSRWHQWLDORIVXFFHVVIXO LQWHJUDWLRQRIVRODULQGXVWULDOSURFHVV




LQGXVWULHV 0LQLQJ LQGXVWULHV JHQHUDOO\ UHTXLUH KLJK WHPSHUDWXUH SURFHVV KHDW WR SHUIRUP WKHLU RSHUDWLRQV ZKLFK LV VWLOO UDUH
WKURXJKRXWWKHZRUOG%DVHGRQWKHVXSSO\RIVRODUSURFHVVKHDW6+,3SODQWVLQWHJUDWLRQZLWKWKHIRFXVRQPLQLQJLQGXVWULHVVWLOO
ODFNDWWHQWLRQ6HFRQGO\DVWKHPLQHUDOVDQGPLQHVDUHJRLQJGHHSHUWKHPRUHHQHUJ\LQWHQVLYHZRXOGWKHSURFHVVEHFRPH




PDLQ UHDVRQ IRU OHVV XVH RI VRODU SURFHVV KHDW )LQDOO\ VLJQLILFDQW UHVHDUFK ZRUN ODFNV IRFXV RI DWWHQWLRQ WRZDUGV KRZ WR





































&KLQD  $JULFXOWXUH IRRG EHYHUDJHV
WH[WLOHV
FKHPLFDOVOHDWKHU











0H[LFR $JULFXOWXUHIRRG  6PDOO DQG PLFURVL]HG LQGXVWU\ EDVHG SDUDEROLF WURXJK
WHFKQRORJ\LQIRRGDQGWH[WLOHLQGXVWULHV
)UDQFH IRRGDQGEHYHUDJHVPHWDOV
*UHHFH  IRRG EHYHUDJHV WH[WLOHV
3KDUPDFHXWLFDOVOHDWKHU
 ,QGXVWULDO VRODU WKHUPDO V\VWHPV ZLWK IRVVLO IXHO
HPSRZHUHGHQHUJ\HTXLYDOHQWV\VWHPV
$XVWUDOLD   7KHSRWHQWLDORIFRQFHQWUDWLQJVRODUWKHUPDOWHFKQRORJ\
 )HDVLELOLW\ RI LQWHJUDWLQJ FRQFHQWUDWLQJ VRODU SRZHU
V\VWHPVLQ1RUWKHUQ7HUULWRU\PLQLQJLQGXVWULHV






































































LQWHJUDWLRQ LQ WKHLUPDMRU LQGXVWULHV.H\ LQGXVWULDOVHFWRUVZKHUHSURFHVVKHDWLQJV\VWHPVFDQ UHSODFH IRVVLO IXHOV WR UHGXFH
FDUERQGLR[LGH DQG JUHHQKRXVHJDVHPLVVLRQV DUH DOVR LGHQWLILHG EDVHG RQ WKHLU HFRQRP\ )XWXUH UHVHDUFK VFRSH IRU
LQWHJUDWLQJVRODUSURFHVVKHDWLQJV\VWHPV LQ LQGXVWULHV LV DOVRVXJJHVWHG ,QVXPPDU\ WKLVSDSHUDLPV WR ILQGRXW WKHZRUOG
ZLGHSRWHQWLDO RI VRODU LQGXVWULDOSURFHVVKHDWLQJV\VWHPDQGZKDW LV WKH UHDVRQEHKLQG OHVVXVHRI VRODU LQGXVWULDO SURFHVV








































































































































































































 ,Q WKLVSDSHUDV\VWHPDWLF UHYLHZRI FRXQWULHV WKDW GHPRQVWUDWHGH[WHQVLYHXVHRIVRODU
LQGXVWULDO SURFHVVKHDWLQJ V\VWHPV LQPDQXIDFWXULQJ VHFWRUV LV FRQGXFWHG FRQVLGHULQJPRVW
UHFHQWSURJUHVV
 7KLVFRXQWU\ZLVHDQDO\VLV LV WKHQXVHG WR LGHQWLI\ SRWHQWLDO XVHRIVRODUSURFHVVKHDWLQJ LQ
$XVWUDOLD
 7KH DQDO\VLV LV FDUULHG RXW EDVHG RQ WKHLU SRWHQWLDO IRU LQWHJUDWLRQ WR GHYHORS VRODU KHDW LQ
LQGXVWULDO SURFHVVHV 6RPH SRWHQWLDO LQGXVWULHV DUH EHLQJ LGHQWLILHG WKDW KDYH WKH KLJKHVW
SRWHQWLDO OLNH0RWRUYHKLFOHV7H[WLOHV3ULQWLQJ:RRG3DSHU)DEULFDWHGPHWDO5XEEHUDQG
SODVWLFVFKHPLFDOV)RRGEHYHUDJHVHOHFWULFDOHTXLSPHQWPDFKLQHU\DQGHTXLSPHQW
 $QRYHUYLHZLVJLYHQLQWKLVSDSHURI DYDLODEOHVWXGLHVIRFXVHGRQVSHFLILFFRXQWULHVDQG WKH
LQGXVWULDO KHDW GHPDQG RI H[LVWLQJ RSHUDWLRQDO SODQWV )XWXUH WUHQGV GXH WR VRODU HQHUJ\
SRWHQWLDODUHDOVRRXWOLQHG
+LJKOLJKWV
